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[57] ABSTRACT 

A thin film device comprising a substrate which is magnetic 
and has insulation property at least on the surface, coils 
formed spirally in a planar configuration on the substrate, a 
first interlayer insulation film formed to a portion excepting 
for the terminal portion of the coils and a magnetic material 
connection portion of the substrate, a magnetic film and a 
second interlayer insulation film formed successively on the 
first interlayer insulation film excepting for the terminal 
portions, and bump electrodes formed in connection with the 
terminal portions in which a crystallite material having a 
composition: Fe7 8 Ta L0 C 12 is used as the magnetic film. The 
thin film device can be formed an a reduced size and having 
a large inductance value. When the device is used as a noise 
filter, a cut-off freq uenc y ranee can he lowered. 

3 Claims, 15 Drawing Sheets 
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THIN FILM DEVICE 
BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

TTie present invention concerns a thin film device of an 
inductor or L-C constitution which is used, for example, as 
a noise filter in a digital circuit and, more in particular, it 
relates to a thin film device attaining a high inductance by 10 
using a magnetic film having a high saturation magnetic flux 
density and a high permeability. 

2. Description of the Prior Art 

FIG. 27 is a perspective view illustrating a constitution of 15 
a dual layered spiral coil type thin film inductor in the prior 
art and FIG. 28 is a cross sectional view thereof. 

In a thin film inductor 1 shown in FIGS. 27 and 28 a lower 
layer magnetic core 3 is formed on a substrate 2, and a first 
insulation film 4, a lower layer coil 5, a second insulation 20 
film 6, an upper layer coil 7 and a third insulation film 8 are 
laminated on the lower layer magnetic core 3. Then, an 
upper layer magnetic core 9 is disposed covering the insu- 
lation films 4, 6, 8 and the coils 5, 7 and in contact, with the 
lower layer magnetic core 3. ^5 

FIG. 29(A) is an upper plan view of a magnetic thin film 
L-C filter and FIG. 29(B) is a cross sectional view thereof 
and FIG. 29(C) is a cross sectional view for the coil layer. 

In the thin film L-C filter U shown in FIG. 29, a magnetic 
thin film inductor 12 and a thin film capacitor 13 are coupled 30 
by means of a conductor. 

As shown in FIG. 29(C), the magnetic thin film inductor 
12 comprises a magnetic thin film lib and a conductor thin 
film 14a laminated successively on the substrate 2 in which 
the laminated films are formed into a planiform coil pattern. 35 
Further, the thin film capacitor 13 comprises a lower elec- 
trode 15 formed on the substrate 2, a dielectric film 16 
laminated on the lower electrode 15 and an upper electrode 
17 formed on the dielectric film 16. The thin film inductor 
12 and the upper electrode 17 are conductively connected. 40 

In the dual layered spiral coil type thin film inductor 1 or 
the thin film L-C filter 11 having the above constitution, the 
magnetic film has been formed so far with a permalloy 
(Fe-Ni system) or a Co system amorphous material in the 45 
prior art, and a saturation magnetic flux density of the 
magnetic material is about 1 T (Tesla). Further, the thickness 
of the thin film of the magnetic material in the thin film 
device is limited to about 1 urn, the outer profile of the upper 
and lower magnetic cores 3, 9 or the magnetic material 14b 5Q 
is a rectangular shape having about 2 to 4 mm size for each 
one side. . 

In a case of constituting an inductor by forming the 
magnetic film having the thickness and the planiform 
described above by the magnetic material haying the satu- 55 
ration magnetic flux density as described above, the induc- 
tance value is limited to about 0.1 uH. Accordingly, when 
the L-C filter containing the inductor is formed, the fre- 
quency for the circuit operation is in a relatively high band 
as 10 MHz to 100 MHz and it can not function sufficiently ^ 
as a noise filter to noise components at a lower frequency. 

Further, since a material of relatively low saturation 
magnetic flux density is used as the magnetic material, the 
area of the magnetic film has to be increased in order to 
increase the inductance value in the inductor. Accordingly, 65 
the outer size of the thin film device is increased and, further, 
when the magnetic material is formed into a film of a large 



2 

area by vapor deposition process or the like, no high 
accuracy of the film thickness can be ensured, 

OBJECT OF THE INVENTION 

It is an object of the present invention to overcome the 
foregoing problems in the prior art and provide a thin film 
device capable of constituting an inductor of a high induc- 
tance value and capable of constituting an L-C device which 
can operate at a low frequency, by using a magnetic film 
having a high saturation magnetic flux density and a high 
permeability. 

SUMMARY OF THE INVENTION 

The foregoing object can be attained in accordance with 
a first aspect of the present invention by a thin film device 
comprising, on a substrate, a coil layer of a planiform, a 
magnetic film formed on the conductor layer by way of an 
insulation layer, and terminal portions formed to tie coil 
layer, and the conductor layer. 

In a second aspect of the present invention, there is 
provided a thin film device comprising, on a substrate, a coil 
layer of a planiform, a dielectric layer and a conductor layer 
laminated on the coil layer, a magnetic film formed by way 
of an insulation layer on the conductor layer, and terminal 
portions formed to the coil layer and the conductor layer. 

In a third aspect of the present invention, there is provided 
a thin film device comprising, on a substrate, a coD layer of 
a planiform, a magnetic layer formed on the coil layer by 
way of an insulation layer, a first conductor layer formed by 
way of an insulation layer on the magnetic layer and is 
conducted with the coil layer, a second conductor layer 
formed by way of the dielectric layer on the first conductor 
layer, and terrninal portions formed to the coil layer and the 
second layer. 

In the device in any of the above-mentioned aspects, the 
magnetic layer is made of an Fe-M-C system crystallite 
material in which Fe represents iron, M represents a metal 
belonging to the group: TVb, Vb or VIb and C represents 
carbon. 

The first aspect constitutes a thin film inductor having a 
planiform coil layer formed on a substrate, the second aspect 
constitutes a distributed constant thin film L-C device in 
which the dielectric layer is formed between the coil layer 
and the conduction layer and, further, the third aspect 
constitutes a lumped constant thin film L-C device in which 
the dielectric layer is formed between the first conductor 
layer in conduction with the coil layer and second conduc- 
tion layer. 

In any of the aspects of the present invention, the mag- 
netic layer covering the coil layer is made of the Fe-M-C 
system crystallite material (in which Fe represents iron, M 
represents a metal belonging to group: IVb, Vb or VIb and 
C represents carbon). The metal M is selected, for example, 
from Zr (zirconium: group IVb), Hf (hafnium: group IVb), 
Ta (tantalum: group Vb, V (vanadium: group Vb), Cr 
(chromium: group VIb) and W (tungsten: group VIb), etc. 

The Fe-M-C system crystallite material has a saturation 
magnetic flux density of 1.5 to 1.7 T (Tesla) and specific 
permeability of about 4,000. Accordingly, the inductance 
value of the inductor comprising the coil layer and the layer 
of the crystallite material covering the coil layer can be 
increased than usual and an inductance up to about 10 uH 
can be attained easily. 
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Accordingly, in the L-C device containing the inductor, 
the circuit operation frequency is lowered and it can be used, 
for example, for the elimination of noises at a low frequency 
range. Further, a high inductance value can be obtained 
without increasing the area of the magnetic film, so that a 5 
small-sized thin film device can be obtained. 

DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS 

FIG. 1 is a cross sectional view illustrating a thin film 10 
device forming an inductor of a preferred embodiment 
according to a first aspect of the present invention; 

FIG. 2 is an equivalent circuit diagram for the thin film 
device shown in FIG. 1; 

FIG. 3 is a perspective view illustrating steps for manu- 15 
facturing the thin film device of the above-mentioned 
embodiment in which coils are formed to the substrate; 

FIG. 4 is a perspective view illustrating a state in which 
a first interlayer insulation film is formed on the coils; 

FIG. 5 is a perspective view illustrating state in which a 20 
magnetic film is formed on the first interlayer insulation 
film; 

FIG. 6 is a perspective view illustrating a state in which 
a second interlayer insulation film is formed; 

FIG. 7 is a perspective view illustrating a state in which 25 
bump electrodes are formed; 

FIG. 8 is a cross sectional view illustrating a modified 
embodiment of a thin film device according to the first 
aspect of the present invention; 

FIG. 9 is a cross sectional view illustrating a preferred 30 
embodiment of a thin film device according to a second 
aspect of the present invention; 

FIG. 10 is an equivalent circuit diagram for the thin film 
device shown in FIG. 9; 35 

FIG. 11 is a perspective view illustrating steps for manu- 
facturing the thin film device of the above-mentioned 
embodiment in which coils are formed to the substrate; 

FIG. 12 is a perspective view illustrating a state in which 
a dielectric film is formed on the coils; 40 

FIG. 13 is a perspective view illustrating a state in which 
a dielectric film is formed on the dielectric film; 

FIG. 14 is a perspective view illustrating a state in which 
an interlayer insulation film is formed; 

FIG. 15 is a perspective view illustrating a state in which 45 
a magnetic film is formed; 

FIG. 16 is a cross sectional view illustrating a thin film 
device as a preferred embodiment according to a third aspect 
of the present invention; 50 

FIG. 17 is an equivalent circuit diagram for the thin film 
device shown in FIG. 16; 

FIG. 18 is a perspective view illustrating steps for manu- 
facturing the thin film device of the above-mentioned 
embodiment in which coils are formed to the substrate; 55 

FIG. 19 is a perspective view illustrating a state in which 
a first interlayer insulation film is formed on the coils; 

FIG. 20 is a perspective view illustrating state in which a 
magnetic film is formed on the first interlayer insulation , n 
film; - 60 

FIG. 21 is a perspective view illustrating state in which a 
second interlayer insulation film is formed on the magnetic 
film; 

FIG, 22 is a perspective view illustrating a state in which 65 
a first conductor film and a dielectric film are formed on the 
second interlayer insulation film; 
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FIG. 23 is a perspective view illustrating a state in which 
a second conductor film is formed on the dielectric film; 

FIG. 24 is a perspective view illustrating a state in which 
third interlayer insulation film is formed; 

FIG. 25 is a perspective view illustrating a state in which 
a bump electrodes are formed; 

FIG. 26 is a perspective view partially in cross section 
illustrating a modified embodiment of a thin film device 
according to the third aspect of the present invention; 

FIG. 27 is a perspective view of a dual layer spiral coil 
type thin film inductor in the prior art; 

FIG. 28 is a cross sectional view of a dual layer spiral coil 
type thin film inductor in the prior art; and 

FIG. 29(A) is an upper plan view of a magnetic thin film 
L-C filter in the prior art, FIG. 29(B) is a front elevational 
cross sectional view thereof and FIG. 29(C) is a cross 
sectional view of coil layers. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

FIG. 1 is a cross sectional view of a thin film device as a 
preferred embodiment in the first aspect of the present 
invention and FIG. 2 is an equivalent circuit diagram 
thereof, and FIG. 3 to FIG, 7 are perspective views illus- 
trating manufacturing steps for the thin film device succes- 
sively. 

A thin film device shown in this embodiment is a thin film 
inductor. 

A thin film device 31 shown in FIG. 1 comprises a 
substrate 32 made of a magnetic material and having insu- 
lation property at least on the surface and, laminated therein, 
a coils 33 formed spirally in aplanifonn on the substrate 32, 
a first interlayer insulation film 36 formed to a portion except 
for terminal portions 34, 35 for the coils 33 and a magnetic 
material connection portion 32a of the substrate 32, a 
magnetic film 37 formed on the first interlayer insulation 
film 36 excepting for the terminal portions 34, 35 and a 
second interlayer insulation film 38 formed on the magnetic 
film 37 excepting for the tenninal portions 34, 35. 

The magnetic film 37 is made of an Fe-M-C system 
crystallite material. In this embodiment, metal M is Ta and 
the crystallite material has a composition of Fe^Ta^C^. As 
shown in FIG. 1. The magnetic film 37 is formed so as to 
cover the coils 33 by way of the interlayer insulation film 36. 
Further, the magnetic film 37 and the substrate 32 are 
connected in the magnetic material connection portion 32a. 

Further, underlying electrode films 38a, 39a are formed 
on the terminal portions 34, 35 of the coils 33, and bump 
electrodes 39, 39 are conducu vely connected by way of the 
underlying electrode films 39a, 39a to the terminal portions 
34, 35. Hie bump electrodes 39, 39 are exposed to the 
surface of the uppermost interlayer insulation film 38. When 
the thin film device 31 is mounted to a circuit substrate, the 
upper side in FIG. 1 is directed to the circuit substrate, and 
the bump electrodes 39, 39 are attached on a conduction 
pattern of the circuit substrate by means of reflow soldering. 
Use of the bump electrodes 39, 39 makes the wire connec- 
tion unnecessary between the thin film device 31 and the 
circuit substrate thereby enabling to minimize the mounting 
area. 

The thin film device 31 has a circuit structure as shown in 
FIG. 2, which is used as an inductor device. Further, by 
using the thin film device 31 and a capacitor, an L-C filter 
can also be constituted. As the magnetic film 37 is made of 
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the crystallite material having the composition: 
Fe78 T ai<A2, me inductance value of the equivalent circuit 
shown in FIG. 2 can be increased than usual. 

Description will then be made to one example for a 
method of manufacturing the thin film device 31 of the 
foregoing constitution with reference to FIG. 3 to FIG. 8. 
(Substrate) 

As shown in FIG, 3, the substrate 32 is a portion of a 
larger substrate, on which a plurality of thin film devices 31 
by the order of the several tens units are formed simulta- 
neously. Then, the substrate 32 is divided to separate indi- 
vidual thin film devices 31. In FIG. 3 and the subsequent 
figures, explanation is to be made assuming that a thin film 
device 31 is manufactured by forming films on one substrate 
32. 

The large substrate is a magnetic material, for example, of 
4 inch square made of an insulating Ni-Zn ferrite substrate, 
having a volume resistivity p of 10 4 flxm, a saturation 
magnetic flux density Bs of 3,000 gauss and a coercive force 
He of 0.5 oersted (Oe). The surface of the ferrite substrate 
is rnirror-polished till a mean center line roughness Ra 
reaches 100 angstrom and the substrate is cleaned by using 
an organic solvent (acetone or isopropanol). 

Formation of Coil 

Hie substrate after cleaning is set to a sputtering device, 
and a Cr film of 500 angstrom thickness are and a Cu film 
of thickness of 2000 angstrom formed continuously as the 
coil material. 

Then, a photoresist film of 11 um thickness is formed on 
the Cr/Cu metal film by using a rotary coating device. 
AZ4620 (trade name) manufactured b Hoechst Co. is used 
as the photoresist 

After pre-baking the substrate in a clean oven at 90° C. for 35 
30 min, contact exposure is applied by using a photomask. 
The photomask has a 5 inch square size, and the photomask 
has, formed therein, 6,000 coil patterns that can be disposed 

within the large substrate of 4 inch square and alignment 

marks for positioning with other photomasks used subse- 40 connection portion 32a (refer to FIG. 1). 
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Formation of First Interiayer Insulation Film 

Then, after rotationally coating a photosensitive polyim- 
ide PYMEL (trade name of products manufactured by Asahi 
Kasei Industries Co.) to 5 urn thickness on the substrate, it 
is applied with contact exposure by using a photomask. The 
pattern of the photomask has such a shape that light trans- 
mits in a region for forming the first interiayer insulation 
film 36 and the light does not transmit in other regions 
shown in FIG. 4. In the formation region for the first 
interiayer insulation film 36 the magnetic material connec- 
tion portion 32a and the terminal portions 34, 35 for the coil 
33 are blanked each in a rectangular shape. After close 
contact exposure, when it is pre-baked and developed, the 
photosensitive polyimide PYMEL other than the formation 
region is removed. Then, by applying post baking at 450° C, 
the first interiayer insulation film 36 shown in FIG. 4 is 
formed. 



Formation of Magnetic Film 

Then, the substrate is set to a sputtering, device, and a 
crystallite material of a composition: Fe 78 Ta 10 C l2 is used as 
a target and formed to a film of 5 um thickness while cooling 
the substrate with water. 

Subsequently, the photoresist is rotationally coated and 
pre-baked in the same manner as above and developed by 
contact exposure using a photomask having such a pattern as 
inhibiting light to transmit in a forming region for the 
magnetic film 37 and permitting light to transmit in other 
regions. This removes the resists in the portion other than the 
region for forming the magnetic film 37. Then, post baking 
is applied. 

The substrate is set to an ion etching device and a region 
in which the Fe^Ta^C^ film is exposed, that is, the region 
other than the formation region is etched. Subsequently, 
when the resist is removed, the magnetic film 37 of a shape 
shown in FIG. 5 is formed. The magnetic film 37 is 
connected with the substrate 32 in the magnetic material 



quently, which permit light to transmit at the portion for the 
coil pattern and the alignment but inhibit light to transmit 
through other portions. Further, PLA501 (trade name) of 
Canon Hanbai Co. is used for the contact exposure. 

When the substrate after the contact exposure is devel- 
oped with a liquid developer, the resist is removed from the 
exposed coil-shaped portion and the alignment mark portion 
while the resist remains in other portions than above. The 
substrate is post-baked in a clean oven at 120° C. for 30 min. 

Then, the substrate is dipped in a mixed plating solution 
comprising copper sulfide and sulfuric acid to cost copper by 
a thickness of 10 um by electrolytic plating on the surface of 
the Cr/Cu metal film at a portion removed with the resist. 
Then, the substrate is immersed into acetone, and applied 
with, supersonic waves simultaneously, to eliminate the 
resist remaining on the metal film. 

After removing the resist, etching is applied to remove the 
Cu metal film with nitric acid and the Cr metal film with 
hydrochloric acid. As a result, Cr/Cu metal film is left at the 
portions for the coil pattern and the alignment marks to 
complete the formation of the coils 33 shown in FIG. 3. 

As shown in FIG. 3, the spiral form of the coil 33 in this 
embodiment has an outer profile size (AxB) of 700 um X700 
um, a conductor width (W) of 6.4 um, a space between the 65 
coils (5) of 5 um and the number of turns of 14 (in the 
drawing, the number of turns is partially omitted). 
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Subsequently, the substrate is annealed at 450° C. for 60 
min being rotated in a magnetic field of 300 oersted (Oe) in 
vacuum. Urns, a magnetic film 37 having excellent magnetic 
characteristics with a magnetic flux density Bs of 17,000 
gauss and a coercive force He of 0.1 oersted (Oe) is 
obtained. 



Formation of Second Interiayer Insulation Film 

The forrning step is identical with the method of forming 
the first interiayer insulation film 36, After rotationally 
coating a photosensitive polyimide PYMEL on a substrate, 
it is applied with contact exposure by using a photomask, 
pre-baked developed and then post baked at 450° C. to form 
a second interiayer insulation film 38 as shown in FIG. 6. 
The second interiayer insulation film 38 is formed so as to 
cover the magnetic layer 37 excepting for the terminal 
portions 34, 35 of the coils 33. 



60 



Formation of Bump Electrode 

The substrate on which the second interiayer insulation 
film 38 has been formed is set to a sputtering device, and a 
Cr film of 500 angstrom thickness and a Cu film of 2,000 
angstrom thickness are formed continuously as underlying 
electrodes 39a for the solder plating of bump electrodes. 
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Then, a photoresist film of 11 um thickness is formed on 
the Cr/Cu metal film by using a rotary coating device. As a 
photoresist, AZ4620 (trade name) manufactured by Hoechst 
Co. is used. 

After pie-baking in a clean oven at 90° C. for 30 min, it 5 
is applied with contact exposure by using a photomask. The 
photomask permits light to transmit through a portion for the 
bump electrodes inhibits light to transmit through other 
portions. When the substrate after contact exposure is devel- 
oped with a liquid developer, the resist is removed from the 10 
exposed portion of the bump electrodes and the resist 
remains in other portions. The substrate is post-baked in a 
clean oven at 120° C for 30 nun. 

Then, the substrate is dipped in a nickel plating bath using 
sodium hypophosphite as a reducing agent and nickel is 15 
coated by electroless plating to a thickness of 1 um on the 
surface of the Cr/Cu metal film to a portion from which the 
resist has been removed. Subsequently, the substrate is 
dipped in a solder plating bath containing hydroborofluoric 
acid and solder is coated by electroless plating to a thickness 20 
of 40 um on the nickel layer. 

Then, the substrate is dipped into acetone and supersonic 
waves are applied simultaneously to remove the resist 
remaining on the metal film. 

After removing the resist, the Cu metal film is removed by 
nitric acid while the Cr metal film is removed by hydro- 
chloric acid through etching. As a result, the bump elec- 
trodes 39, 39 are formed (refer to FIG. 7). 

The inductance value of the thin film chip inductor having 30 
the foregoing constitution is 9.8 uH, which is about 70 times 
as great as the inductance value at an inductor portion in the 
prior art shown in FIG. 27 and FIG. 28. 

In the above-mentioned embodiment a material which is 
magnetic and entirely insulative is used as the substrate 32. 35 
However, a magnetic material with no insulation property 
and having an insulation film formed on the surface can also 
be used as the substrate. 

Alternatively, a substrate 32 made of a non-magnetic 
material may be used, and a magnetic film of a crystallite 40 
material having a composition: Fe^Ta^C^ is formed on 
the surface and coils are formed on tie magnetic film by way 
of an insulation film. Such a structure is shown in FIG. 8. 

In the embodiment of FIG. 8, a bottom insulation film 40a 
is formed on a silicon substrate 32, on which a bottom 
magnetic film 40b is formed. The bottom magnetic film 4Qb 
is formed by sputtering using a crystallite material having a 
composition: Fe7 8 Ta 10 C 12 in the same manner as the mag- 
netic film 37. Further, an insulation film 40c is formed on the 
surface of the bottom magnetic film 4Qb. In the same manner 
as the step described above, coils 33, a first interlayer 
insulation film 36, a magnetic film 37, a second interlayer 
insulation film 38 and bump electrodes 39 are formed on the 
film 40c. 

The bottom magnetic film 40b and the magnetic film 37 
are made of the same crystallite material having a compo- 
sition: Fe^Ta^C^ and connected with each other. Since 
upper and lower surfaces of the coils 33 are covered with the 
crystallite material having the composition: Fe 78 Ta 10 C l2 , 60 
the inductance value can be increased more. 

FIG. 9 is a cross sectional view illustrating a structure of 
a thin film device 21 as an embodiment of the second aspect 
of the present invention, FIG. 10 is a circuit diagram 
illustrating an equivalent circuit thereof and FIG. 11 through 65 
FIG. 15 are perspective views showing a portion of manu- 
facturing steps therefor. 
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A thin film device 21 shown in FIG. 9 has an L-C 
constitution which is used, for example, as a chip type filter. 

The thin film device 21 comprises a substrate 22 com- 
posed of a material which is magnetic and has insulation 
property at least on the surrace, coils 23 formed spirally as 
a planiform on the substrate 22, a dielectric film 26 formed 
to a portion excepting for terminal portions 24, 25 of the 
coils 23 and a magnetic material connection portion 22a of 
the substrate 22, a conductor film 27 formed on the dielectric 
film 26 excepting for the magnetic material connection 
portion 22a and the terminal portion 25, an interlayer 
insulation film 29 formed on the conductor film 27 excepting 
for a terrninal portion 28 formed to the conductor film 27, 
and a magnetic film 30 disposed to a portion excepting for 
the terminal portion 25 and the terminal portion 28. The 
magnetic film 30 is connected at the magnetic material 
connection portion 22a with the substrate 22. 

Although not illustrated in FIG. 9, an interlayer insulation 
film identical with that shown by reference numeral 38 in 
FIG. 1 is formed to the surface of the magnetic film 30 and 
a surface portion excepting for the terminal portion 24 of the 
coils 23 and, further, bump electrodes in conduction with the 
terminal portions 24, 25 and 28 are formed, and the bump 
electrodes are exposed on the uppermost interlayer insula- 
tion film. 

As showr^^TQijH^ii lj|iufflm device 21 constitutes a 
m^triJjujjd^SisTant type L-Cahvtee. In a case of using the 
devj^^s the L-C filter, the terminal portion 24 is connected 
to fekinmit side in thp. Hiyitefctf^nit the terminal portion 25 
is connected in an output circuit and the terminal portion 28 
is grounded to the earth in a digital circuit for and used for 
eliminating noises in the input signals. 

Then, description will be made to a method of manufac- 
turing the thin film chip L-C filter having the foregoing 
constitution with reference to FIG. 11 through FIG. 15. 

Substrate 

A substrate 22 shown in FIG. 11 is identical with that 
shown in FIG. 3, which constitutes a portion of a large 
substrate made of magnetic and insulative Ni-Zn ferrite. It 
has a volume resistivity p of 10 4 Oxm, a saturation mag- 
netic flux density Bs of 3,000 gauss, and the coercive force 
He of 0.5 oersted (Oe). The mean center line roughness Ra 
of the ferrite substrate is 100 angstrom, and the substrate is 
cleaned by using an organic solvent (acetone, isopropanol). 

Formation of Coils 

A steps for forming coils is identical with that shown in 
FIG. 3. That is, a Cr film of 500 angstrom and a Cu film of 
2,000 angstrom are formed continuously and then a photo- 
resist film is formed. After baking in a clean oven, it was 
applied with contact exposure by using a photomask. When 
the substrate after contact exposure is developed with a 
liquid developer, the resist , is removed from an exposed 
coil-shaped portion, while the resist remain in other por- 
tions. The substrate is post-baked. The substrate is dipped 
into a mixed plating solution of copper sulfide and sulfuric 
acid to deposit copper on the surface of the Cr/Cu metal film 
at a portion removed with the resist by electrolytic-plating. 
Then, the substrate is dipped into acetone and applied with 
supersonic waves simultaneously to remove the resist 
remaining on the metal film. After removing the resist, 
etching is applied with nitric acid and hydrochloric acid to 
form coils 23. 
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Tne coils 23 shown in FIG. 11 are in an identical shape 
with that shown in FIG. 3, having an outer profile size (AxB) 
of 700 umx700 urn, a conductor width (W) of 6.4 urn, an 
inter-coil space (5) of 5 um and a number of turns of 14. 

5 

Formation of Dielectric Film 

In the same procedures as described above, a photoresist 
is coated rotationally on the surface of the substrate 22 and 
the surface of the coils 23 and, after prebaking, applied with 10 
contact exposure by using a photomask. The contact expo- 
sure is applied for covering the portion other than the 
sputtering region of the dielectric film 26 as shown in FIG. 
12. That is, the pattern of the photomask has such a shape as 
inhibiting light to transmit in rectangular regions for formiDg j 5 
a terminal portion 25 of the coils 23 and a magnetic material 
connection portion 22a of the substrate 22 and in the outer 
peripheral region including the terminal portion 24 and 
permitting light to transmit is other coil covering regions. 
Then, when the resist is developed to remove the resist from 20 
a portion is which light transmits, the resist is removed at a 
region to be formed with the dielectric film 26 and the resist 
remains in other regions on the substrate. 

The substrate is set to a sputtering deviceand a TajC^ film 
is formed to a thickness of 700 angstrom as the material for 25 
the dielectric film. Subsequently, the substrate is dipped into 
acetone and applied with supersonic waves to remove the 
resist remaining on the substrate together with the T^Oj 
film formed thereon. Thus, as shown in FIG, 12, the terminal . 
portion 25 and the magnetic material connection portion 22a 30 
are exposed through the opening, and a dielectric film 
(TajOj) 26 covering the coils 23 are formed to a portion 
excepting for the outer peripheral region including the 
terminal portion 24. 

35 

Formation of Conductor Film 

Then, the substrate is set to a sputtering device and a Cr 
film of 500 angstrom thickness and a Cu film of 2,000 
angstrom thickness are continuously formed. 4Q 

Subsequently, after rotationally coating a photoresist and 
pre-baking it, contact exposure is applied by using a ph; 
tomask. The photomask used in this step has such a pat 
shown in FIG. 13 as permitting light to transmit in a region 
for forming the conductor film 27 and inhibiting lighV to 45 
transmit in other regions. Upon development, the resist 
removed from the region for forming the conductor film 27 
and the resist remains in other regions, which is then 
post-baked. 

The substrate is dipped into a mixed plating solution 50 
comprising copper sulfide and sulfuric acid in the same way 
as in the coil forming step, a Cu layer is deposited to a 
thickness of 10 um on the surface of the Cr/Cu metal film at 
a portion removed with the resist and then the substrate is 
dipped into acetone and applied with supersonic waves to 55 
remove the remaining resist. The substrate is etched by an 
etching solution to remove the Cu/Cr metal film from a 
portion not applied with copper plating. 

Thus, as shown in FIG. 13, a conductor film 27 covering 
the dielectric film 26 is formed. 60 

Formation of Interiayer Insulation Film 

The step for forming an interiayer insulation film 29 is 
identical with the step for forming the interiayer insulation 65 
film 36 shown in FIG. 4 or the interiayer insulation film 38 
shown in FIG. 6. 



That is, after rotationally coating a photosensitive poly- 
imide PYMEL to a thickness of 5 um, it is applied with 
contact exposure by using a photomask. After contact expo- 
sure, it is pre-baked, developed and then post-baked to form 
an interiayer insulation film 29 shown in FIG. 14. The 
interiayer insulation film 29 is formed to a portion excepting 
for terminal portion 24, 25 and 28 and a magnetic material 
connection portion 22a. 

Formation of Magnetic Film 

A step for forming a magnetic film 30 is identical with the 
step for forming the magnetic film 37 shown in FIG. 5. 

The substrate is set to a sputtering device and a film is 
formed to a thickness of 5 um from a target having a 
composition: F&jqT^C^ while ice-cooling the substrate. 
Then, a photoresist is rotationally coated, pre-baked, and 
applied with contact exposure by using a photomask having 
such a pattern as inhibiting light to transmit in a region for 
forming the magnetic film 30 and pennitting light to trans- 
mit in other region shown in FIG. 10, followed by devel- 
opment Hius, the resist in a portion other than the region for 
forming the magnetic film 30 is removed. Then post-baking 
is applied. 

The substrate is set to an ion etching device and applied 
with etching at a region through which the Fe^Ta^C^ film 
is exposed, that is, a region other than the formation region. 
Subsequently, when the resist is removed, a magnetic film 
30 of a shape shown in FIG. 15 is formed. The magnetic film 
30 is connected with the substrate 22 in the magnetic 
material connection portion 22a (refer to FIG. 9). 

Subsequently, the substrate is annealed at 450° C. for 60 
min being rotated in a magnetic field of 300 oersted (Oe) in 
vacuum. Thus, a magnetic film 30 having excellent magnetic 
characteristics of a magnetic flux density Bs of 16,000 gauss 

and a coercive force He of 0.1 oersted (QeV _ ^ 

SubsequenUyjjrUnsalatto^nlni is formed on the insula- 
tion filrnJO^o^SfnrDump electrodes to be connected with 
eacj^eflmninal portions 24, 25 and 28. 

The thin film chip L-C filter formed by the manufacturing 
method described above is a distributed constant type as the 
equivalent circuit shown in FIG. 10 and covered with 
magnetic material. 

The L-C filter in the above-mentioned embod 
cut-off frequency (a frequencycau^ing-msetu^n loss of 3 
SrHossat 10 MHz frequency is 
24 dB. In the prior art, the cut-off frequency is higher than 
30 MHz. It can thus be seen that the L-C filter of this 
embodiment has excellent characteristics capable of elimi- 
nating noises in a low frequency region. 

In this embodiment, a material which is magnetic and 
entirely insulative is used as the substrate 22, but a magnetic 
material with no insulation property and having an insula- 
tion film formed on the surface can also be used as the 
substrate. Alternatively, in the same manner as shown in 
FIG. 8, a magnetic film and an insulation film may be 
formed by way of an insulation film on the surface of a 
magnetic substrate 22 and coils may be formed thereon. 

FIG. 16 is a cross sectional view illustrating a thin film 
device 41 as a preferred embodiment according to the third 
aspect of the present invention, FIG. 17 is an equivalent 
circuit diagram thereof and FIG. 18 through FIG. 25 are 
perspective views illustrating manufacturing steps for the 
thin film device 41 in the order of the steps. A cross sectional 
view shown in FIG. 16 is taken along lines XVI — XVI in 
FIG. 18. 
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The thin film device 41 shown in FIG. 16 is a lumped 
constant type L-C device. 

The thin film device 41 comprises a substrate 42 which is 
magnetic and having an insulation property at least on the 
surface, a pair of coils 43, 44 formed spirally in a planiform 5 
on the substrate 42, first interlayer insulation film 45, 45 
formed to a portion excepting for terminal portions 43a, 43b, 
44a, 44b of the coils 43, 44, magnetic material connection 
portions 42a, 42a of the substrate 42 and gaps 42b between 
the coils 43 and 44, and magnetic films 46, 46 laminated on 10 
the interlayer insulation films 45, 45 at a portion excepting 
for terminal portions 43a, 3b, 44a, 44b of the coils 43, 44 
and the gaps 42b between the coils 43 and 44. The magnetic 
films 46, 46 are formed with a crystallite material having a 
composition: Fe 78 Ta 10 C 12 in the same manner as in each of 15 
the previous embodiments. 

A second interlayer insulation film 47 is formed on the 
magnetic films 46, 46 and on the gap 42b between the coils 
43 and 44, on which a first conductor film 48 is formed- The 
first conductor film 48 is connected with the terminal portion 
43b of the coils 43 and the terminal portions 44b of the coils 
44, and both of the coils 43 and 44 are conductively 
connected by the first conductor film 48. 

A second conductor film 50 is formed on the first con- 
ductor film 48 by way of a dielectric film 49, on which a 
third interlayer insulation film 51 is formed. Then, a bump 
electrode 52a is connected with the terminal portion 43a of 
the coils 43, while the bump electrode 526 is connected with 
the second conductor film 50, and the bump electrode 52c is 
connected with the terminal portion 44a of the coils 44. 

As shown in FIG. 17, the thin film device 41 having the 
above-mentioned constitution constitutes a lumped constant 
type L-C device. When it is used, for example, as an L-C 
filter, the bump electrode 52a is connected with an input, the 
bump electrode 52c is connected to an output, and the bump 
electrode S2b is grounded to the earth in a digital circuit 

Description will be made to a method of manufacturing 
the thin film device 41. 



20 
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Substrate 



FIG. 18 shows a substrate 42. The substrate 42 is identical 
with that in each of the previous embodiments, which is a 
magnetic and insulative Ni-Zn ferrite substrate having a 45 
volume resistivity p of 10 4 £lcm, a saturation magnetic flux 
density Bs of 3,000 gauss and a coercive force He of 0.5 
oersted (Oe). The ferrite substrate is rnirror-polished till the 
mean surface roughness Ra reaches 100 angstrom, and the 
substrate is cleaned with an organic solvent (acetone, iso- 50 
propanol) for use. 

Formation of Coils 

The coils 43, 44 shown in FIG. 18 are formed by the same 55 
step as for the coils 33 shown in FIG. 3 and the coils 23 
shown in FIG. 11, in which a Cr film of 500 angstrom 
thickness and a Cu film of 2,000 angstrom are formed 
continuously as the coil material by a sputtering device. 
Then, a photoresist film of 1 1 urn thickness is formed on the 6 o 
Cr/Cu metal film. After pre-baking the same, it is applied 
with contact exposure by using a photomask. 

The substrate after contact exposure is developed with a 
liquid developer to remove the resist from a coil-shaped 
portion and then post-baked. Then, the substrate is dipped 65 
into a mixed plating solution comprising copper sulfide and 
sulfuric acid, depositing a copper layer of 10 urn thickness 



by electrolytic plating on the surface of the Cr/Cu metal film 
at a portion from which the resist has been removed, the 
substrate is dipped into acetone and applied with supersonic 
waves simultaneously to remove the resist remaining on the 
metal film. After removing the resist, the Cu metal films is 
removed by nitric acid and the Cr metal film is removed by 
hydrochloric acid through etching. As a result, a pair of coils 
43, 44 shown in FIG. 18 are formed. 

As shown in FIG. 18, each of the coils 43, 44 of this 
embodiment has an outer profile size (AxB) of 700 umx700 
urn having a conductor width (W) of 6.4 urn, an inter-coil 
space (6) of 5 urn and a number of turns of 1 4. 

Formation of First Interlayer Insulation Film 

The first interlayer insulation films 45, 45 shown in FIG. 
19 are formed by the same method as that in each of the 
previous embodiment, and the a region for forming the first 
interlayer insulation films 45, 45 is generally a rectangular 
shape from which portions for magnetic material connection 
portions 42a, 42a and terminal portions 43a, 436, 44a, 44b 
are blanked. 

Formation of Magnetic Film 

Magnetic films 46, 46 shown in FIG. 20 are formed by the 
same method as that for the magnetic film 37 shown in FIG. 
5 or the magnetic film shown in FIG. 15 and they are formed 
to a film of 5 um thickness from a target having a compo- 
sition: Fe 78 Ta 10 C, 2 while ice cleaning the substrate. 

Subsequently, the photoresist is rotationally coated, pre- 
baked, applied with contact exposure and developed and 
then the photoresist is removed and post-baking is applied. 

The substrate is annealed at 450° C. for 60 min being 
rotated in a magnetic field of 300 oersted (Oe) in vacuum. 
Thus, magnetic films 46, 46 having excellent magnetic 
characteristics of a magnetic flux density Bs of 17,000 gauss 
and a coercive force He of 0.1 oersted (Oe) are obtained. 

Formation of Second Layer Insulation Film 

Then, in the same steps as that for the previous interlayer 
insulation films, a second interlayer insulation film 47 
shown in FIG. 21 is formed. The region for forming the 
second interlayer insulation film 47 has a shape from which 
each of rectangular portions 43a, 43b y 44a and 446 is 
blanked. 

Formation of First Conductor film and Dielectric 
Film 

Then, the substrate is set to a sputtering device and a Cr 
film of 500 angstrom thickness and a Cu film of 2,000 
angstrom thickness are formed continuously. Subsequently, 
a photoresist is coated rotationally and pre-baked and then it 
is applied with contact exposure by using a photomask and 
developed to remove the resist in the region for forming the 
first conductor film 48 which is then post-baked. The sub- 
strate is dipped into a mixed plating solution comprising 
copper sulfide and sulfuric acid in the same manner as the 
coil forming step, and a Cu layer is plated to a thickness of 
10 um on the surface of the Cr/Cu metal film to a portion 
removed with the resist. 

The substrate is set to a sputtering device and a Ta^s film 
is formed as the material for the dielectric film to a thickness 
of 700 angstrom to the plated portion and the resist portion. 
Then, the substrate is dipped into acetone and applied with 
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supersonic waves to remove the resist remaining on the 
substrate and the Ta^ film formed thereon together. 

Thus, as shown in FIG. 22, a first conductor film 48 for 
conducting the terminal portion 436 for the coils 43 with the 
terminal portion 44b for the coils 44, as well as a dielectric 5 
film (Ta^) 49 laminated thereon are formed. 

Formation of Second Conductor Film 

Then, the substrate is set to a sputtering device and a Cr l0 
film of 500 angstrom thickness and a Cu film of 2,000 
angstrom thickness are formed continuously and then a 
second conductor film 50 covering the dielectric film 40 is 
formed by the same step as that shown in FIG. 12. 

Formation of Third Interlayer Insulator Film 15 

Subsequently, in the same procedures as the step for 
forming the interlayer insulation film described above, a 
third interlayer insulation film 51 is formed as shown in FIG. 
24. The film is formed over a range including an entire 20 
region of the substrate excepting for elongate portions P, Q, 
R shown in HG. 24. 

Formation of Bump Electrode 

25 

Then, by the same step as that shown in FIG. 7, bump 
electrodes 52, 526, 52c are formed. The bump electrode 52a 
is connected with the terminal portion 43a of the coils 43, 
the bump electrode 526 is connected with the second con- 
ductor film 50, and the bump electrode 52c is connected with 30 
the terminal portion 44a of the coils 44. 

Hie thin film device 41 having the above-mentioned 
constitution has an outer profile size of 1.6 mmx0.8 mm and 
has a cut-off frequency of 1 MHz. On the contrary, the thin 
film chip L-C filter of the prior art shown in FIG. 2 has an 35 
outer profile size of 2.7 mmx4. 1 mm and a cut-off frequency 
of 100 MHz. 

As has been described above, according to the present 
invention, a thin film chip L-C filter having a size about 12% 
of the prior art and capable of operating at a low frequency 40 
band can be obtained as shown by the previous embodi- 
ments. 

Further, in the embodiment shown in FIG. 16, a magnetic 
material with no insulation property and having an insula- 
tion film formed on the surface thereof can also be used as 45 
the substrate. Further, a non-magnetic substrate having a 
magnetic film formed on the surface and an insulation film 
further formed on the surface of the magnetic film can also 
be used as the substrate 42. FIG. 26 shows an example. 

In the thin film device shown in FEG. 26, a bottom 50 
insulation film 54 is formed on a silicon substrate 53, on 
which a bottom magnetic film 55 made of a crystallite 
material comprising Fe 78 1a 10 C l2 is formed. The coils 43 
and 44 are formed on the bottom magnetic film 55 and other 
films are also formed. Then, the bottom magnetic film 54 Is 55 
conducted with the magnetic film 46 to cover the upper and 
the lower surfaces of the coils 43 and 44 with the 
Fe^TajoCjj material. 
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As has been described above according to the present 
invention, in an inductor, a distributed constant type I^C 
device, a lumped type L-C device, the inductance value can 
be increased and the circuit operation frequency can be 
lowered in a case of L-C device by using, for example, a 
crystallite material such as Fe 78 Tk 10 C 12 as the magnetic 
film. In addition, since the inductance value is increased 
although the magnetic film is of a small area, a small sized 
thin film device can be formed. 

What is claimed is: 

1. A noise filter comprising: 
a substrate, 

a coil layer formed in a spiral planar configuration on the 

substrate, the coil layer having ends, 
a magnetic film formed by way of an insulation layer on 

the coil layer such that the ends are exposed, and 
terminal portions formed to contact the exposed ends of 

the coil layer, 

wherein the magnetic layer comprises an Fe-M-C system 
crystallite material in which Fe represents iron, M 
represents a metal belonging to the periodic group IVb, 
Vb or VTb and C represents carbon. 

2. A noise filter comprising: 
a substrate, 

a coil layer formed in a spiral planar configuration on the 

substrate, the coil layer having ends, 
a dielectric layer formed on the coil layer, 
a conductor layer formed on the dielectric layer, 
a magnetic film formed by way of an insulation layer on 

the conductor layer, and 
terminal portions formed to contact the ends of the coil 

layer and the conductor layer through openings in the 

magnetic film and the dielectric layer, 

wherein the magnetic layer comprises an Fe-M-C system 
crystallite material in which Fe represents iron, M 
represents a metal belonging to the periodic group IVb, 
Vb or VIb and C represents carbon. 

3. A noise filter comprising: 
a substrate, 

a coil layer formed in. a spiral planar configuration on the 

substrate, the coil layer having ends, 
a magnetic layer formed by way of an insulation layer on 

the coil layer such that the ends are exposed, 
a first conductor layer formed by way of an insulation 

layer on the magnetic layer and in electrical contact 

with the coil layer, 
a second conductor layer formed by way of a dielectric 

layer on the first conductor layer, and 
terminal portions formed to contact the ends of the coil 

layer and the second conductor layer, 
wherein the magnetic layer comprises an Fe-M-C system 

crystallite material in which Fe represents iron, M 

represents a metal belonging to the periodic group IVb, 

Vb or VIb and C represents carbon, 

***** 
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